The Haizi diabase-granite porphyry composite rock mass is located in the Wuding-Yanjing taphrogenic trough within the Paleoproterozoic Kangdian fault-uplift zone. According to field observations, the diabase is divided into two types: central facies and marginal facies; the granite porphyry directly contacts the central facies of diabase without transitional intermediate rock. In order to disclose its geological and petrological significances, this paper carried out the LA-ICP-MS zircon U-Pb dating and geochemical investigation on both masses of Haizi diabase and granite porphyry. The results showed that the 207 Pb/ 206 Pb weighted average age of granite porphyry is 1764 ± 18 Ma and diabase 1765 ± 5.4 Ma. The geochemical investigations revealed that the Haizi diabase is a kind of high-potassium alkaline basalt and the granite porphyry a kind of low-potassium rhyolite, both enriched with high field intensity elements and depleted in large-ion lithophile elements; there is obvious component intermittence between the diabase and the granite porphyry, both being bimodal and showing characteristics of continental rift valley magmatite. The in situ Hf isotope of dating zircon showed that mantle materials participated in the formation and emplacement of Haizi granite porphyry and crust materials participated in the formation of diabase. This meant that crustal remelting and accretion of new crust occurred in this region in the 1.7 Ga period. It can be therefore inferred that the Haizi bimodal intrusive rock came into being due to the breakup of Kunyang rift valley and rapid ascent of mantle materials in the 1.7 Ga period, which echoed the global Columbia supercontinent breakup and was the first petrological record of that breakup found at the southwest margin of Yangtze platform.
Introduction
In tectonic structure, the central Yunnan region is a portion of the Kangdian fault-uplift zone. The zone is a narrow belt following a south-north trend and in tectonic structure a Yangtze block (grade II) of the pan-Yangtze tectonic province (grade I), reaching Kangding, Sichuan in the north, Yanjing River and Dahong Mountain in Xinping County, Yunnan in the south, Pudu River rift and Xiaojiang River rift in the east and Lyuzhi River rift in Yuanmou County, Yunnan. The region has extremely developed structure and magmatism after a long geological evolution starting from the Early Proterozoic and therefore was made as a research focus by lots of domestic and foreign scholars who published many papers on its magmatism chronology and paleo-continent reconstruction: Li, et al. [1] believed according to their research findings that Yangtze craton might be a block fragment of the supercontinent Rodinia spliced by the Australia and South Pole blocks in the early stage of Mesoproterozoic (1.0 Ga); Fitzsimons [2] also believed according to his research on the zircon chronology of the South Pole block during the Grenville orogenic period of Southern China that the splicing time of Rodinia was between 1400 Ma and 900 Ma; Li, et al. [3] limited the occurrence time of Grenville orogeny to be between 1.3 Ga and 1.0 Ga; Yan et al. [4] discussed the location of Southern China in the paleo-continent Rodinia; Wang et al. [5] discussed the response of Kangdian axis to the Rodinia event. According to all research findings mentioned above, it can be believed that the central Yunnan region surely underwent a period of tectonic movement around 1.0 Ga that falls into the global Grenville orogenic period and can reflect the convergence and breakup of the supercontinent Rodinia.
However, the research on the supercontinent Columbia (around 1.8 Ga) before the supercontinent Rodinia in the central Yunnan region (the southwest fringe of Yangtze platform) so far has yielded few published findings but some theoretical speculations and explanations due to the limitations of objective conditions (geological changes, weathering and denudation) so that there are no great evidences [6] , especially those magmatism ones. As the discovered Haizi granite porphyry-diabase in Wuding region is the first bimodal intrusive rock at around 1.7 Ga identified at the southwestern fringe of the Yangtze platform, this paper intends to supplement the absent magmatism information of the central Yunnan region in a period from 1.8 Ga to 1.6 Ga and also provide some bases for the researches on the tectonic evolution of this region at 1.7 Ga and the global supercontinent Columbia breakup through the research on the bimodal intrusive rock.
Geological Background
In 1945, Mr. Huang Jiqing initially created a concept "Kangdian axis" for the central Yunnan region; in 1981, Ren Jishun elaborated that the Kangdian axis is a secondary tectonic element of the western fringe of the Yangtze platform from the perspective of polycyclic oogenesis. Since 1980s, many scholars successively made their elaborations of this region using the theory of plate tectonics: Luo [7] put forward that the Kangdian axis was an island arc zone in the Mesoproterozoic, which went through the occurrence, development and extinction of continental rift valley of the post-platform stage from the Neopaleozoic to the Mesozoic and was known as Panzhihua-Xichang paleo-rift valley zone; Hua [8] believed that the tectonic environment of the Kunyang group is a paleo-continent rift valley-aulacogen environment and suggested that the rift valley movement occurred in the Mesoproterozoic and its products be named Kunyang aulacogen; Gong et al. [9] believed that the Kangdian axis is the marginal rift valley of the Yangtze paleo-continent and named it Kunyang paleo-intercontinental rift valley (Kunyang rift valley for short).
The Kunyang rift valley is clammed between Anning River-Yuanmou-Lyuzhi River rift and Xiaojiang rift; its basal structure is of EW or NEE trend; the rift valley period (Dongchuan Group) structure is of SN trend, in particular, the first-grade structure of the rift valley zone is a deep and large rift controlling the overall shape of the rift valley, stratum space distribution, volcanic activity and building magma metallogenic belt that has a SN edge rift and parallel inside the rift valley. The second-grade structure in the rift valley zone came into being in the course of regional squeezing action occurred in the middle and late periods of the rift valley's development and closed period, mainly consisting of SN and EW groups of rifts, which often is accompanied by folding tectonics. The roles of the second-grade fault structure makes the tectonic pattern with mutually intersected horst and graben inside the Kunyang rift valley more complex so as to form five rift-subsidence basins in the HuiliDongchuan and Wuding-Yuanjiang River taphrogenic troughs: Dongchuan, Bijia Mountain, Wuding, Yimen and Yuanjiang River (Figure 1(a) ). The Haizi composite rock mass in the present study is located in the Wuding rift-subsidence basin.
The Haizi rock mass is located 200 -4600 m to the north of Xinchangchong village office in Wuding County, being a part of the north segment of the Wuding-Yuanjiang River taphrogenic trough located in the middle-bysouth portion of the Kangdian fault uplift zone in tectonic structure. The rift in that area is of Haizi-Degu old regional rift; the structure in the area became complex due to the occurrence of NW and EW cross faults in late period. The strata emerged in the area are mainly Paleoproterozoic-Mesoproterozoic Dongchuan Group strata; the Paleoproterozoic strata include Pingdingshan Group (Pt 1 p), Yinmin Group (Pt 1 y) and Luoxue Group (Pt 1 l) ; the Mesoproterozoic strata is Etouchang Group (Pt 2 e). The magmatism in that area is better developed, belonging to granite porphyry and diabase (Figure 1(b) ).
Geological and Petrological Characteristics of Rock Mass
Granite porphyry appears at two locations in the area, its total emerged area reaching about 0.49 km 2 , being main emerged magmatism type. The rock mass as a whole is nearly in a circular shape, its edges looking like bay, the mineral facies at its center and edges varying little, the granularity of authigenic mineral not changing significantly. The granite porphyry and the gabbrocliabase of the Yinmin Group, Luoxue Group and periphery are in an intrusive contact relationship. The sampled rock mass this time is a largest and freshest granite porphyry emerged in the area, its area reaching 0.35 km 2 . The weathering surface of the hand specimen granite porphyry is hoary (Figure 2(a) ), the fresh surface flesh-red, with a dense block like tectonics and porphyritic structure. The fresh portion is hard and breaks along the jointer plane if it is knocked. The microscopic observation shows that it mainly consists of quartz and albite. Phanerocryst is albite, mainly fine middle granules with a little rough grains (Figure 2(b) ). The matrix is composed of quartz, a little sericite and chlorite. Metallic mineral contained in the porphyry are mainly magnetite which is in fine granule and partially evenly dispersed; some aggregates are of irregular small lumps unevenly distributed.
The periphery of granite porphyry is diabase with an emerged area in the study zone of 0.24 km 2 . The rock mass is laminated and stratoid bedding output. Due to its intrusive contact relationship with the Yinmin Group (Pt 1 y) and Luoxue Group(Pt 1 l). The diabase can be divided into central facies and marginal facies by the degree of mineral crystallization. The intermediate facies diabase hand specimen is of dark green, middle-rough granular structure, gabbro-diabasic structure, dense block like tectonics (Figure 2(c) ). The rock is mainly composed of anorthose, augite, biotite and hornblende as well as a little magnetite. The anorthose is sheet-pile and columnar, with a granularity of 8 -12 mm. Some anorthoses are wrapped by hornblende crystal, representing an obvious crystal-anorthose structure. The dark mineral is mainly consisting of hornblende and a little augite. The hornblende is columnar and granular, the size equivalent to anorthose, mostly having undergone the uralitization, and the pleochroism being not visible. A part of augite has been intersected by carbonate, being xenomorphic granular, the size being 1mm or so (Figure 2(d) ).
The diabase of the marginal facies is grey green; compared to the central facies, the green hue becomes light while the grey hue becomes intense; it has a gabbro-diabase structure and dense blocklike tectonics ( Figure  2(e) ). The microscopic observation shows that its mineral association is identical with the central facies, but the authigenic mineral's granularity and the integrity of mineral crystal are different from the central facies, in particular, the anorthose mostly is automorphic columnar, rarely with polysynthetic twin and carlsbad twin. The porphyritic anorthose is columnar, having a granularity of 2.5 -3.5 mm. The matrix anorthose has a granularity of 0.5 -1.2 mm, the hornblende being reddish-brown and having pleochroism, the granularity of 0.5 -1.2 mm (Figure 2(f) ).
Granite porphyry and diabase are accompanied (Figure 3(a) ) at their occurrence spots, directly contacted with the edges of diabase; the contact position is straight and level, extended far; their acidic portion and basic portion have totally different contact edges (Figure 3(b) and Figure 3(c) ). According to their contact relationship and field observation results, it's preliminarily inferred that the era of granite porphyry should be same as or slightly later than diabase. 
U-Pb Chronological Characteristics of Zircon
The formation era of magmatism has always been the focus of magmatite researches. The present research focuses on the zircon chronology of two end members of Haizi composite rock, respectively collected fresh granite porphyry and diabase for choosing zircon monomineral. See Figure 1 for the sampling spots. The selection and target preparation of zircon was done in the key national laboratory of geological process and mineral resources of China University of Geosciences (Wuhan). The cathodoluminescence photography and dating experiment of zircon was done in the key laboratory of the Mineral Resources Institute of the Chinese Academy of Geological Sciences. See HouKejun, et al. [10] for the experiment procedures and treatment methods.
The zircon of Haizi granite porphyry is mainly of long column shape, large grains, broken parts mostly greater than 100μm. The zircon in diabase mainly is hexagonal dipyramid, the plane of section is quadrangle or pentagon, the grain mostly less than 100μm. All in all, the zircon of both kinds of rocks has clear edges and corners of crystal form without ground rounded corners and metamorphic edges. The zircon CL images of both kinds of rock mass are dark; the shock ring zone of the zircon in diabase is relatively wide, both having a high Th/U ratio (>0.4), so from the perspective of either the crystal shape or Th/U ratio, the zircon in Haizi diabase-granite porphyry is virgin magmatic zircon (Figure 4(a) and Figure 4(b) ).
See Table 1 for the zircon LA-ICP-MS analysis results of Haizi diabase -granite porphyry. As the dating results are greater than 1.0 Ga, the 
Petrogeochemistry
Of the samples used in the test, the granite porphyry is from the rock mass IV, the diabase is from the rock masses II and III (Figure 1(b) ). The collecting of samples avoided those places with alteration, mineralization and weathering. The samples used to test major trace rarely earth were removed of skin when they are made into powder. The central fresh portion was crashed into a state below 200 meshes in a pollution-free way. The major trace and rare earth tests were all done in the Beijing Research Institute of Uranium Geology. The major quantity tester is AB104-L, PW2404 X-ray fluorescence spectrometer. The detection bases include GB/T14506. 14- 
Characteristics of Major Elements
See Table 2 for the testing results of the major elements of Haizi diabase-granite porphyry. In the TAS illustration (Figure 6(a) ), the cultellation of diabase fell in the feldspathoid gabbro, while that of granite porphyry fell between granodiorite and granite. The rock classification of SiO 2 and K 2 O (Figure 6(b) ) revealed that the Haizi diabase is of high-potassium alkali basalt while the granite porphyry is of low-potassium rhyolite. The calculation of the geochemical parameters of the main components also revealed that the σ mean (1.28) of granite porphyry differs greatly from the diabase (15.3). In alkali content, the granite porphyry (6.03) is slightly less than [12] and the solid line comes from [13] .
the diabase (6.614). According to the TAS illustrations, rock series and geochemical parameters, the Haizi diabase should be of parlkaline diabase, while the accompanied granite porphyry should be of calc alkali granite.
Characteristics of Trace Elements of Rare Earth
In the standard minor elements spider diagram of original mantle of minor elements (Figure 7(a) ), the standard curve shows the following features: 1) the curve of granite porphyry is nearly horizontal without obvious right or left tilting trend; the curve of diabase shows right tilting trend; 2) the relatively enriched elements of granite porphyry include Rb, Th, U, Zr and Hf; the relatively depleted elements include Ba, K, Sr, P and Ti; the relatively enriched elements of diabase include Rb, La, Nd, Zr and Hf; the relatively depleted elements include Ba, Th, Sr and Ti. All in all, both are enriched with high field intensity elements (Zr and Hf), relatively depleted of large ion lithophile elements (Ba, Sr, K and Ti); 3) Th and U are depleted in diabase but enriched in granite porphyry. According to the rare earth elements analysis results of the Haizi composite rock mass (Table 2) , the granite porphyry has higher ΣREE, LREE and HREE than the diabase (Figure 7(b) ). ΣREE = 390.7 × 10 −6 -502.87 × 10 , LREE/ HREE = 1.75 -2.63; (La/Yb)n = 4.1 -6.77, (La/Sm)n = 1.36 -2.55; δEu = 0.81 -1.1, averaged 0.92; the distributed curve collection (Figure 7(b) ) has more obvious right tilting trend, basically increasing with the atomic number, the contents of rare earth elements gradually decreasing, therefore in the rare earth elements of diabase, the light and heavy rare earth has more obvious differentiation than granite porphyry.
Zircon Hf Isotope Characteristics
Zircon Hf isotope value contains abundant geological information. In this paper, the dated zircon in D1205 and D1438 was given in situ Hf isotope analysis. There are 15 testing points of granite porphyry and 17 ones of Remark: The statistics of D1205-1, D1205-3, D1205-5, D1205-7 and D1205-9 are come from [11] .
(a) (b) Figure 7 . Primitive mantle-normalized REE and extended trace element and chondrite-normalized REE diagrams for Hai Zi bimodal intrusive rocks in WuDing. Normalization values and data for Trace elements from [14] ; Normalization values and data forREE from [15] ; Granite porphyry-Red Square, Diabase-Blue Round.
diabase. The testing point location is the same as the zircon U-Pb dating point. According to the testing results, the 176 Lu/ 177 Hf of granite porphyry varies from 0.000578 to 0.002664, averaged 0.001207; the 176 Lu/ 177 Hf of diabase varies from 0.000563 to 0.002477, averaged 0.001359 ( Table 3) . The 的 176 Lu/ 177 Hf of both diabase and granite porphyry is less than 0.002, indicating that these zircons have only a little radiation cause Hf accumulated. The measured 176 Lu/ 177 Hf can represent the Hf isotope composition of the magmatic system of zircon crystallization [17] .
The composition of the HF isotope of the Haizi granite porphyry is simple, (
Hf) t is mainly distributed in the range from 0.281660 to 0.281793 (Figure 8(a) ); the ε Hf (t) value mostly is between 0.1354 and 5.6758 (Figure 8(b) ); there are two negative ε Hf (t) values (D1205-1 and D1205-14), indicating that the Haizi granite porphyry is influenced by the mantle source substance and that mantle substance joined in the course of its formation and emplacement; its source area shell Hf isotope mode age t DM c = 2070 -2446Ma. The ( 176 Hf/ 177 Hf) t in the diabase is mainly distributed in the range from 0.281567 to 0.281737 (Figure 8(a) ), ε Hf (t) mostly negative, having 4 positive values. The negative value is distributed between −6.928776 and −0.617262; the positive value is distributed between 0.877603 and 1.428924, showing complicated rock formation cause information (Figure 8(b) ). The single-stage model age is between 2081 and 2317Ma; the second-stage mode age is between 2302 and 2662 Ma.
Wu et al. [17] think that the tracing of relevant Hf isotope, t DM c age can better reflect the average retention age of source district substance in the shell. If the model age of basalts is near its actual age, that means it comes from depleted mantle; otherwise, it may be mixed with the shell or come from the enriched mantle; while the model age of the granite mostly is greater than the formation age. The Haizi granite porphyryt DM c = 2070 -2446 Ma, the diabase t DM c = 2302 -2662 Ma, its second-stage model age is greater than the actual age. Therefore, the Haizi diabase may be mixed with the shell substance in the course of its formation, possibly indicating that the mantle substance rapidly surged up at 1.7 Ga; while the lithogenous material of granite porphyry was obviously influenced by mantle source substance, indicating that some of the lithogenous material of granite porphyry came from diabase.
Discussion
The Ti element has a guiding significance for discussing the formation tectonics environment of magmatism. Through the research on Mesozoic liparite and basalt at the Greater Xing' an Mountain Range, Lin et al. [19] (2000) believed that the geochemical properties of low-Ti liparite are similar to that of liparite related to the basaltic magma differentiation, high-Ti liparite and alkali basalt have bimodal geochemical characteristics, similar to the combination of basalt and alkali liparite of African Kenya rift valley, being partial melting of continental crust induced by continental flood basalt. High-Ti liparite inherits the geochemical feature that alkali series of basalt is depleted in high field intensity elements [20] - [22] . In this area, the Ti element of Mesozoic Haizi granite porphyry shows depletion signs, its TiO 2 is low in content, so it belongs to low-Ti calc-alkaline granite; according to its Hf isotope characteristics and the elements enrichment and depletion patterns shown one minor elements spider diagram, it's inferred that the Haizi granite porphyry should belong to intercontinental liparite related to basaltic magma differentiation, namely some lithogenous material of the Haizi granite porphyry may directly come from diabase.
Due to their small contents, the minor elements can sensitively and accurately reflect geochemical activities in the geological history period. Some minor elements have stable properties and therefore may not easily be contaminated by lithosphere components and consequently can reflect the initial tectonics of rock formation. Hence, in this paper, the relatively stable minor elements Zr, Y and Nb in the Haizi bimodal intrusive rock were chosen for studying the tectonics environment of diabase; the major and minor elements were chosen for studying the tectonics environment of granite porphyry.
In the 2Nb-Zr/4-Y illustration (Figure 9(a) ), the Haizi diabase completely falls into the A1 + A2 area, namely inboard rift valley basalt area; in the Zr-Zr/Y illustration (Figure 9(b) ), the projection point also completely falls into the same area. The two tectonics illustrations indicate that the Haizi diabase comes into being in the inboard (Figure 9(c) ), the projection point of the Haizi granite porphyry completely falls into the RRG+ CEUG area, indicating that it is a granite related to rift valley; in the Yb + Nb-Nb illustration (Figure 9(d) ), the projection point of the Haizi granite porphyry falls into the WPG area, it can be inferred that it formed in the inboard extension environment.
It was believed that Kunyang rift valley initially tensed at 1.8 -1.6 Ga [23] - [25] , the time is corresponding to the supercontinent Columbia breakup (at about 1.7 Ga) occurred at the end of the Proterozoic eon throughout the world. Consequently, the Kunyang rift valley tension event is possibly not the sole tectonics event, its breakup is intimately closed with the supercontinent Columbia breakup and possibly a component of that breakup [26] - [30] . Of the discovered bimodal intrusive rock mass this time, the granite porphyry age is 1764 ± 18 Ma, the diabase age is 1765 ± 6 Ma, being the first Paleoproterozoic magmatism discovered in the central Yunnan area [31] - [35] , which end the history of the southwestern margin of the Yangtze platform lacking 1.7 Ga magmatism and can serve as important reference for investigating the relationship between the breakup of the Kunyang rift valley and the supercontinent Columbia breakup [36] [37].
Conclusions
1) The LA-ICP-MS zircon U-Pb dating shows that the 207 Pb/ 206 Pb weighted average ages of diabase and granite porphyry in central Yunnan are respectively 1764 ± 18 Ma and 1765 ± 5.4 Ma; excluding the experimental errors, we believe that they are bimodal intrusive rock masses of the same era.
2) The Haizi basal and acidic rock combination reflects the bimodal magmatism movement characteristics of continental rift valley and is also the first 1.7 Ga bimodal intrusive rock discovered in the southwestern margin of the Yangtze platform;
3) The chemical analysis shows that the Haizi diabase belongs to high-potassium alkaline basalt series; the granite porphyry belongs to low-potassium liparite series; the HF isotope analysis shows that some lithogenous material of the granite porphyry of the bimodal intrusive rock comes from the diabase and a product of rapid upsurge of mantle substance; the whole bimodal rock body came into being in inboard rift valley tectonics environment and belongs to the product of the Kunyang rift valley breakup period (16 -1.8 Ga), corresponding to the time of the global supercontinent Columbia breakup and therefore significant for researches.
